Thus the available data suggest that if growing cultures of E. coli synthesize glycine from endogenous threonine, the synthesis would not be sufficiently rapid to support the growth of auxotrophs unable to derive glycine and serine by another pathway. This is clearly the situation that obtains during the growth of serine-glycine auxotrophs of strain K12.5' 6 SUMMARY A study has been made of the ability of lyophilized preparations of a serineglycine auxotroph and of a serine-glycine-threonine auxotroph of E. coli strain K12 to form glycine from L-threonine. Only the strain capable of growing on L -threonine was found to effect this synthesis under the experimental conditions employed.
INTRODUCTION
Studies on the etiology of crown gall have shown that the transformation of normal plant cells into crown-gall tumor cells may be divided into at least three phases, each requiring the action of chemical agents on the affected cell. The first of these phases, conditioning, involves the activation of healthy cells by agents usually present in plant sap. Once conditioned, cells are acted upon by a tumor-inducing principle (T-iP) which appears to be a metabolic product of virulent crown-gall VOL. 43, 1957 bacteria. The incipient tumor cells resulting from this induction by T-iP are promoted during the third phase by growth substances of the indoleacetic acid type which are derived either from the bacteria or from the affected cells. Elimination of any of these steps, alterations of their sequence, or modifications in the presentation time of their action prevents or severely impairs the induction and development of tumor cells.
The nature of the factors required for conditioning, although currently unidentified, are under investigation, and the necessity for indoleacetic acid in tumor-cell promotion has been demonstrated. The composition of T-iP, on the other hand, is still obscure. As an introduction to its characterization, it became necessary to obtain its synthesis by the bacteria in vitro and to develop a quantitative bio-assay for its activity. Klein2 reported that in vitro bacterial synthesis of T-iP occurs in a medium containing unheated plant sap but not in heated sap or in synthetic medium. This preliminary report was qualitatively confirmed by Manigault et al., 3 who found in addition that T-iP could be concentrated by high-speed centrifugation and was inactivated by deoxyribonuclease (DNase).
Since the appearance of our initial report, more precise in vitro systems for studying the synthesis and activity of T-iP have been developed. Although the work is still in progress, the general techniques-as well as some specific findings relative to tumor-cell formation-are reported in this paper.
GENERAL TECHNIQUES
Pretreatment.-Disks of young secondary phloem from carrot roots known to react strongly to tumor formation (designated "SR disks"4) were isolated aseptically.5
The disks were allowed to heal by placing them, cambial-adjacent side up, on the surface of White's tissue-culture medium supplemented with 10-gm/l naphthaleneacetic acid for three days, a period determined to give optimal results in subsequent treatment. Disks healed on unsupplemented White's agar or on medium supplemented with coconut milk showed less tumor formation following sterile tumor induction. The disks were then exposed to agents known to be active in tumor-cell formation by transferring them into sterile test tubes containing these agents. In all reported experiments, the proper etiological sequence of exposure, i.e., conditioning, induction, and promotion, was maintained. Unreported experiments in which steps were eliminated or the order of exposure was altered invariably resulted in the failure of treated disks to form tumors. The incubation temperature was maintained at 26°-27°C. Sterility checks were routinely made into nutrient broth.
Conditioning.-Healed disks were transferred into sterile test tubes containing 1.5-2.0 ml. of plant sap and conditioned6 for 24 hours. The conditioning factor(s) was not species-specific. The sap of numerous plants, including beet, parsnip and carrot roots, potato tubers, and herbaceous stems, contains this factor. The conditioning factor was not found in extracts of malted barley.
When carrot roots were used as the source of the required factor, the juice was expressed from roots known, by previous bio-assay, to react strongly to tumor formation, since the conditioning factor is absent or in suboptimal amounts in carrots that react weakly to tumor formation.4 The sap was expressed in a Carver hydraulic press after macerating the tissues in a meat chopper. It was clarified at 10,000 X g, filtered through a No. 01 Selas porcelain filter candle, dialyzed against 0.001 M phosphate buffer, pH 7.0, to remove some unidentified toxic substance that causes browning of the tissues, and finally sterilized by successive passages through Nos. 015, 02, and 03 Selas filter candles.
Induction.-The unheated plant sap or extract required for the bacterial synthesis of tumor-inducing principle (containing a factor(s) designated "T-iP synthesis factor") was dialyzed against 0.001 M phosphate buffer, pH 7.0, glucose was added to a final concentration of 1.0 per cent, and the sap was sterilized by filtration through Selas filter candles. Fifty-to 75-ml. aliquot portions were inoculated with ca. 108 cells of a log phase nutrient-broth culture of Agrobacterium tumefaciens strain B6.5 The culture was shaken at 260 C. for 12-18 hours, clarified by centrifugation, dialyzed for several hours against 0.001 M phosphate buffer, pH 7.0, to remove toxic components, and finally sterilized by filtration. The T-iP synthesis factor was not host-specific and was present in beet sap and other plants. It was present in both weak and strong reactor carrots. A freshly prepared extract of malted barley was the best source tested for the T-iP synthesis factor (Table 1) . It was prepared by grinding malted barley in three times its volume of 0.001 M phosphate buffer, pH 7.0, in a Waring Blendor and collecting the supernatant after centrifugation. The use of carrot sap or extract of malted barley diluted below 1:1 resulted in a less active preparation of T-iP.
The healed and conditioned carrot disks were transferred to test tubes containing 2.0 ml. of sterile culture fluid containing the T-iP and were incubated for 24 hours. The induction step was repeated twice at 24-hour intervals using freshly prepared T-iP (Table 2 ). More frequent renewals might be better, since crown-gall bacteria undoubtedly synthesize T-iP in the host plant constantly as long as the synthesis factor is available. The T-iP in the culture fluid was inactivated at 80 C. in its present crude state within 18-24 hours.
Sap from tui Promotion.-Indoleacetic acid, or compounds with similar biological activity, seem to be-required to promote T-iP-treated cells into primary tumor cells.7' 8 It has been determined that 1-5 X 10-6 M indoleacetic acid at pH 7.0 acting for 48-72 hours gave optimal results. The healed, conditioned, and T-iP-treated carrot disks were transferred into test tubes containing 1.5 ml. of indoleacetic acid for this period of time.
Growth and Isolation of Tumor Tissue.-Following the treatments leading to tumor-cell formation, the disks were transferred, cambial-adjacent side up, to tubes of unsupplemented White's tissue-culture medium. After 20-30 days of incubation, the percentage of disks showing crown-gall development was determined.
Since callus formation on carrot phloem is very slight on this medium,5 visual inspection was satisfactory.
We believe that the tumors which developed on carrot disks following the above procedure are true crown-gall tumors. When excised from the carrot disks and transferred to fresh, unsupplemented White's medium, the tumors continued to proliferate and have been carried for over 19 monthly transfers without significant reduction in their rates of growth. Callus tissue, unless grown on a medium containing growth substances (indoleacetic acid, coconut milk), ceases to grow after two to three transfers. In no experiment, however, did the rates of growth of the sterile crown-gall tumors approach that of carrot tumors induced by the bacteria. The excised crown-gall tumors were insensitive to or inhibited by a wide range of indoleacetic acid and naphthaleneacetic acid supplements and by coconut milk but were never stimulated. This is characteristic of many crown-gall tumors and is distinctly atypical of callus tissues of carrot. Another available criterion for crown-gall tumor tissues, i.e., the ability of the tissue to grow autonomously as tumor tissue when grafted into healthy tissue,9 has not been fulfilled for these sterile carrot tumors, although we had demonstrated graft autonomy with tomato.2 Preliminary grafting experiments have been inconclusive because of technical difficulties arising in attempts to graft tumor tissues into the tissues of carrot roots. Experiments utilizing other species of Daucus possessing graftable stems are contemplated.
DISCUSSION
The general technique outlined above has regularly resulted in 60-80 per cent of the treated disks forming crown-gall tumors. We have not, however, obtained 100 per cent induction in any experiment. During the development of this procedure we have increased the percentage of disks forming tumors from 25-35 per cent to its present value. Since all disks were capable of tumor formation if inoculated with crown-gall bacteria, further modification of the technique is necessary.
Several additional significant findings on tumor induction have been made. Of primary importance is the inactivation of T-iP by DNase (Table 3) , a finding that confirms Manigault's note' and reinforces our earlier, indirect evidence that it is a deoxyribonucleic acid.", 12 Since it may be collected by centrifugation,3 is nondialyzable, and its genera] chemical composition is now known, the eventual isolation and purification of T-iP may be in sight.
Our experiments show that a conditioning step using plant juice is an absolute requirement for tumor formation on unwounded or healed tissues and suggests that the juice contains some factor(s) acting specifically during this phase. The increase in the percentage of tumors formed when the disks were healed on a medium containing naphthaleneacetic acid relative to the tumor formation on disks healed without growth-substance supplements suggests that conditioning may require several etiological agents. The sources and properties of the factors in plant sap required for condititioning and of those for the synthesis of T-iP show that they are not identical. Their chemical nature is currently under investigation. It has been postulated that the failure of tumors to form on inoculated plants held at 32°-33°C. rather than at 25°C. was due to the heat lability of the T-iP molecule.10 Our results indicated that T-iP is not highly labile at these temperatures but that it is probably not synthesized by the bacteria at the higher temperatures (Table 3) . SUMMARY A technique has been developed for the in vitro synthesis and bio-assay of the tumor-inducing principle, the pre-eminent factor active in the transformation of normal plant cells into crown-gall tumor cells. This synthesis can occur only in the presence of a heat-labile "synthesis factor" present in a number of plants. Both indirect and direct evidence suggests that the tumor-inducing principle is a deoxyribonucleic acid.
